
IMPROVED CATALYTIC COMPOSITION 
AND ITS APPLICATION TO OLEFIN OLIGOMERIZATION 

Field of the Invention 

The present invention relates to a novel catalytic composition for use in oligomerization 
5 processes, in particular for monoolefin dimerization. 

It also relates to a process for oligomerization, in particular dimerization, of monoolefins, 
using such a catalytic composition. 

Description of the Prior Art 

The preparation of catalysts for dimerization or co-dimerization of monoolefins such as 
10 ethylene, propylene, butenes or pentenes is known. Examples of such catalysts which can be cited 
j5 are the products of the interaction of Tt-allyl nickel phosphine halides with Lewis acids (French 

! Ft 

patent FR-B-1 410 430), the products of the interaction of nickel phosphine halides with Lewis acids 
r: (United States patent US-A-3 485 881) and the products of the interaction of certain nickel 
^ carboxylates with hydrocarbylaluminium halides (US-A-3 321 546). 

J5 Almost all of those catalysts use a ligand such as an organic phosphorus compound and it is 

preferable to have phosphorus-free oligomerization catalysts available. To this end, it is possible to 
y! use zerovalent nickel compounds but they are of little practical use because of their instability. It is 
□ also possible to use catalysts in which the nickel is deposited on a mineral support comprising acid 
sites, such as silica, alumina or silica-aluminas. However, in that case the catalysts are solid, in 
20 contrast to the desired liquid catalysts. 

US-A-4 283 305 teaches that an association of a divalent nickel compound, a hydrocarbyl- 
aluminium halide with formula AlR m X 3 . m where R is a hydrocarbyl radical containing 1 to 12 carbon 
atoms, X is a chlorine or bromine atom, and m is a number from 1 to 2, and a compound with a 
Bronsted acid nature, leads to a catalytic composition that is more active than previously, and also 
25 less sensitive to the trace impurities which are routinely found in industrial olefinic feeds. 

Summary of the Invention 
It has now, unexpectedly, been found that for a catalytic composition obtained by bringing a 
divalent nickel compound into contact with an organic Bronsted acid and a hydrocarbylaluminium 



dihalide, pre-conditioning the catalytic composition in a solvent before using it for oligomerization 
can still further increase the activity for olefin oligomerization. The use of a hydrocarbylaluminium 
dihalide enriched with an aluminium trihalide can still further increase the activity of the catalytic 
composition. 

Detailed Description of the Invention 

More precisely, said improved catalytic composition comprises the product resulting from 
bringing the following three constituents into contact in any order: 

a) at least one divalent nickel compound; 

b) at least one hydrocarbylaluminium dihalide with formula A1RX 2 , where R is a hydrocarbyl 
radical containing 1 to 12 carbon atoms such as alkyl, aryl, aralkyl or cycloalkyl, and X is a 
chlorine or bromine atom; and 

c) at least one organic Bronsted acid; 

the mixture obtained being pre-conditioned in a solvent, at a controlled temperature and for a 
pre-set period, prior to its use. 

The divalent nickel compound can be any compound soluble in a proportion of more than 1 g 
per litre in a hydrocarbon medium, more particular in the reactants and the reaction medium. 
Preferably, nickel carboxylates are used with general formula (R^OO^Ni, where R { is a 
hydrocarbyl radical, for example alkyl, cycloalkyl, alkenyl, aryl, aralkyl or alkaryl, containing up to 
20 carbon atoms, preferably a hydrocarbyl residue containing 5 to 20 carbon atoms. Radical R\ can 
be substituted by one or more halogen atoms, hydroxyl groups, ketone, nitro, cyano or other groups 
that do not interfere with the reaction. The two radicals R { can also constitute an alkylene residue 
containing 6 to 18 carbon atoms. Non limiting examples of nickel compounds are the following 
divalent nickel salts: octoate, 2-ethylhexanoate, decanoate, stearate, oleate, salicylate and hydroxy- 
decanoate. Preferably, nickel 2-ethylhexanoate is used. 

The Bronsted acid compound has formula HY, where Y is an organic anion, for example 
carboxylic, sulphonic or phenolic. Preferably, acids with a pK a of a maximum of 3 at 20°C are used, 
more particularly those which are soluble in the nickel compound or in its solution in a hydrocarbon 
or another suitable solvent. One preferred class of acids comprises the group formed by 



halogenocarboxylic compounds with formula R 2 COOH where R 2 is a halogenated alkyl radical, in 
particular those which contain at least one halogen atom alpha to the -COOH group, with a total or 2 
to 10 carbon atoms. Preferably, a halogenoacetic acid with formula CX p H 3 _p-COOH is used where 
X is fluorine, chlorine, bromine or iodine, and p is a whole number from 1 to 3. Examples which 
can be cited are trifluoroacetic, difluoroacetic, fluoroacetic, trichloroacetic, dichloroacetic and 
chloroacetic acids. These examples are not limiting and it is also possible to use arylsulphonic acids, 
alkylsulphonic acids, fluoroalkylsulphonic acids, picric acid and nitroacetic acid. Preferably, 
trifluoroacetic acid is used. 

The three constituents of the catalytic formula can be mixed in any order. However, it is 
preferable to first mixture the nickel compound with the organic Bronsted acid then to introduce the 
aluminium compound. The mole ratio of the hydrocarbylaluminium dihalide to the nickel 
compound, expressed as the Al/Ni ratio, is 2/1 to 50/1, preferably 2/1 to 20/1. The mole ratio of the 
Bronsted acid to the nickel compound is 0.25/1 to 10/1, preferably 0.25/1 to 5/1. 

Pre-conditioning the catalytic composition consists of mixing the three constituents in a 
hydrocarbon solvent, for example in an alkane or in an aromatic hydrocarbon, or in a halogenated 
hydrocarbon or, as is preferred, in a mixture with a composition analogous to that of the mixtures 
obtained in the dimerization or oligomerization reaction itself. Thus for a catalytic composition 
intended for propylene dimerization, the pre-conditioning solvent can principally be constituted by 
isohexenes. 

The mixture is generally produced by stirring in an inert atmosphere, for example in nitrogen 
or argon, at a controlled temperature of 0°C to 80°C, preferably 10°C to 60°C, for a period of 1 
minute to 5 hours, preferably 5 minutes to 1 hour. The solution obtained is then transferred into the 
oligomerization reactor under an inert atmosphere. 

In a preferred implementation, in the catalytic composition of the invention, the 
hydrocarbylaluminium dihalide can be enriched with an aluminium trihalide, the mixture of the two 
compounds then having formula AlR n X 3 . n , where R and X are as defined above and n is a number 
from 0 to 1 (limits excluded). 
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The hydrocarbylaluminium dihalide compounds enriched in aluminium trihalide are obtained 
by mixing a hydrocarbylaluminium dihalide with formula A1RX 2 where R is a hydrocarbyl radical 
containing 1 to 12 carbon atoms, such as alkyl, aryl, aralkyl, alkaryl or cycloalkyl and X is a chlorine 
atom or a bromine atom, with an aluminium trihalide A1X 3 . Non limiting examples of such 
5 compounds which can be cited are: dichloroethylaluminium enriched with aluminium trichloride, the 
mixture having formula AlEt 0 .9Cl 2 j, for example; dichloroisobutylaluminium enriched with 
aluminium trichloride, the mixture having formula AliBu 0 .9Cl 2 .i, for example, and 
dibromoethylaluminium enriched with aluminium tribromide, the mixture having formula 
AlEt 0 .9Br 2 .i, for example. 

10 In this case as well, the three constituents of the catalytic formula can be mixed in any order, 

yy It is also preferable to first mix the nickel compound with the organic Bronsted acid, then to 
m introduce the aluminium compound. In this case, it is = the mole ratio between the hydrocarbyl- 

5 ! 

aluminium dihalide enriched with aluminium trihalide and the nickel compound, expressed as the 

SJ 

,q Al/Ni ratio, which is 2/1 to 50/1, preferably 2/1 to 20/1. As indicated above, the mole ratio of the 

i& Bronsted acid to the nickel compound is still 0.25/1 to 10/1, preferably 0.25/1 to 5/1. 

i f? 

£; The invention also relates to a process for oligomerization, in particular dimerization, of 

I y 

monoolefins in the presence of the catalytic system defined above. 
O Examples of monoolefins that can be dimerized or oligomerized are ethylene, propylene, 

butenes, pentenes and hexenes, used pure or as a mixture, contained in cuts from refining or from 
20 chemistry. These olefins can also be co-oligomerized between themselves. 

The process can be carried out in a reactor with one or more reaction stages in series, the 

olefinic feed and/or the previously pre-conditioned catalytic composition being introduced 

continuously, either to the first stage, or to the first and to any other stage. 

The process is generally carried out at a temperature of -20°C to +80°C, under pressure 
25 conditions such that at least the major portion of the reactants are maintained in the liquid phase or 

in the condensed phase. 

At the reactor outlet, the catalyst can be deactivated, for example by injecting ammonia 
and/or an aqueous sodium hydroxide solution 'and/or an aqueous sulphuric acid solution. The 
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unconverted olefins and alkanes which may be present in the feed are then separated from the 
oligomers by distillation. 

The products obtained by the process of the invention can be used, for example, as 
constituents for automobile fuels and/or as feeds for a hydroformylation process for synthesising 
5 aldehydes and alcohols. 

The entire disclosure of all applications, patents and publications, cited above and below, and 
of corresponding French application 99/06749, filed on May 27, 1999 are hereby incorporated by 
reference. 

The following examples illustrate the invention without in any way limiting its scope. 

10 EXAMPLE 1 (comparative) 

, »™ 

gQ Preparation of catalyst : 

m 

m In this example of the prior art, the catalyst was prepared in situ in the autoclave where 

Lx oligomerization took place, without pre-conditioning, and used dichloroethylaluminium as the 
j5 aluminium compound. 
34 Use in oligomerization : 

J: A solution of 0.043 g of nickel 2-ethylhexanoate containing 13% by weight of nickel in 40 

ml of isohexene solvent was introduced into a 250 ml stainless steel autoclave provided with stirring 
O and wherein the temperature could be regulated by circulating water in an external envelope, 
followed by 10 g of a mother liquor prepared from 0.11 g of trifluoroacetic acid made up to 100 g 
20 with isohexene solvent, introduced with stirring. Finally, a solution of 0.18 g of 
dichloroethylaluminium in 50 ml of isohexene solvent was injected. This corresponded to 1.41 
mmole of aluminium and an Al/Ni mole ratio of 15/1. 

Subsequently, 10 g of isohexenes was added to the autoclave to make up the solvent, 
followed by 10.8 g of liquid propylene via pressure lock. The temperature was rapidly raised to 
25 40°C. After 15 minutes of reaction, the conversion of propylene into a mixture of dimers, trimers 
and tetramers containing 80% by weight of dimers was 67%. 

EXAMPLE 2 (in accordance with the invention) 
Preparation of catalyst : 

! 
t 

t 
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0.043 g of nickel 2-ethylhexanoate containing 13% by weight of nickel was introduced into a 
250 ml glass flask provided with a magnetic stirrer, then the flask was carefully purged and placed 
under an argon atmosphere. A transfer needle was used to introduce 40 ml of a fraction of 
isohexenes distilled under argon and dried over 3A molecular sieve, which was then used as the 
solvent. Stirring dissolved the nickel salt. 10 g of a mother liquor prepared from 0.11 g of 
trifluoroacetic acid made up to 100 g with the isohexene solvent was then injected. This was all 
placed, with continued stirring, in a thermostatic bath regulated to 30°C. 

A further flask purged with argon was used to prepare a solution of 0.18 g of 
dichloroethylaluminium in 50 ml of isohexene solvent. The solution obtained was slowly added to 
the nickel solution prepared above using a transfer needle. This corresponded to 1.41 mmole of total 
aluminium and to a Al/Ni mole ratio of 15/1. This was all pre-conditioned at 30°C for 30 minutes 
with stirring. 

Use in oligomerization : 

The pre-conditioned catalytic solution was transferred under argon to an autoclave as 
described in Example 1. 10 g of isohexenes was then introduced into the autoclave to make up the 
solvent, followed by 10.8 g of liquid propylene using a pressure lock. The temperature was rapidly 
raised to 40°C. The reaction was followed by periodically removing samples for gas chromato- 
graphic analysis. After 15 minutes of reaction, the conversion of propylene into a mixture of dimers, 
trimers and tetramers analogous to that of Example 1 was 86%. 

EXAMPLE 3 (in accordance with the invention) 

Preparation of catalyst : 

0.043 g of nickel 2-ethylhexanoate containing 13% by weight of nickel was introduced into a 
250 ml glass flask provided with a magnetic stirrer, then the flask was carefully purged and placed 
under an argon atmosphere. A transfer needle was used to introduce 40 ml of a fraction of 
isohexenes distilled under argon and dried over 3 A molecular sieve, which was then used as the 
solvent. Stirring dissolved the nickel salt. 10 g of a mother liquor prepared from 0.11 g of 
trifluoroacetic acid made up to 100 g with the isohexene solvent was then injected. This was all 
placed, with continued stirring, in a thermostatic bath regulated to 30°C. 




50 ml of isohexene solvent was introduced into a further flask purged with argon, followed 
by 0.165 g of dichloroethyl aluminium and finally 0.015 g of aluminium trichloride, corresponding to 
a compound with formula AIEt 0 .92Cl 2 .o8* The solution obtained was slowly added to the nickel 
solution prepared above using a transfer needle, whereupon the colour changed from green to 
5 yellow. This corresponded to 1.41 mmole of total aluminium and to an Al/Ni mole ratio of 15/1. 
This was all pre-conditioned at 30°C for 30 minutes with stirring. 

Use in oligomerization : 

The pre-conditioned catalytic solution was transferred under argon to an autoclave as 
described in Example 1. 10 g of isohexenes was then introduced into the autoclave to make up the 
10 solvent, then 10.8 g of liquid propylene using a pressure lock. The temperature was rapidly raised to 
~S 40°C. The reaction was followed by periodically removing samples for gas chromatographic 
~ analysis. After 15 minutes of reaction, the conversion of propylene into a mixture of dimers, trimers 
fT and tetramers analogous to that of Example 1 was 89%. 

2 The preceding examples can be repeated with similar success by substituting the generically 

|5 or specifically described reactants and/or operating conditions of this invention for those used in the 
Ul preceding examples. 

m From the foregoing description, one skilled in the art can easily ascertain the essential 

p characteristics of this invention and, without departing from the spirit and scope thereof, can make 
various changes and modifications of the invention to adapt it to various usages and conditions. 



